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1.Introduction and aims

Everyyearabout 320tons of silver nanoparticles(AgNPsare produced

Use/Application AgNPsare incorporatedin a wide rangeof products,suchas
cosmeticsgdetergentsandtextiles,becauseof their antimicrobialproperties

Risksassociatedo AgNPs

If they are not efficiently removedin the wastewater treatment processthey
couldendup in the naturalenvironment

Main objectivesof the presentresearchproject

* Studyof the effectsof AQNP®N natural bacteriafrom estuaries

kEvaluationof the impactof AQNP$n microbialecosystenfunctioning

2.Exposure of bacteria to AQNPs and Challendes

when working with metallic nanoparticles

Thefirst approachtakenwasto studythe effectsof AQNPn singlespecies
that had been isolated from the Firth of Forth estuary Bacteria were
exposedo different concentrationof AgNPs

Homogeneityin the stock suspensioncan be difficult to achieve as the
nanoparticledNP)tend to aggregatgFigl) andsettle quickly

V By adding dispersantssuch as Bovine Serum Albumin (BSA) to avoid
aggregation
V By reducing the concentration of AgNPsin the solution to minimize

sedimentationrate.
Effectsof BSAand concentrationof AgNPsare depictedin the graph (Fig2).

Theconcentrationof AgNPsvasindependentof the order of extractionasthe
sedimentationrate decreasedTherecoveryof silverincreased

Fig.1 TEM
(Transmission Electron
Microscopy) image of
AgNPs used.
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Order of extraction

¢ 100mg L-1, No BSA ¢ 50 mg L-1, No BSA ¢ 50 mg L-1, 0.1% BSA

(100mg/L, no BSA) (50mg/L, No BSA) (50mg/L, 0.1% BSA)

Fig 2 Total Ag recovered by Atomic AbsorbanceSpectroscopy(AAS)
expressedasmeanof %recoveredoverthe nominalconcentration( SD.)

n=90. The three different stock solutions were prepared with AgNPs
purchasedfrom Sigma,as nanopowder form, size < 100nm. All the

sampleswere ultrasonicatedfor 30 min and mixed vigorouslyin a vortex

beforethe extraction

Once reproducible amounts of AgNPs were reliably added to each
experimentalflask (Fig3 and Fig4), it was possibleto continue with the
experiment Howeveranotherissuewasraised

V Byinducinga wavemotion in the liquid medium(Fig5)
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Fig. 3 AgNPs ended
up in the bottom of

the flask due to the
orbital motion of the

incubator. Fig. 5 View from above of the

orbital incubator.

References

Morones,J R, Elechiguerra] L, CamachoA., Holt, K, Kouri J B., Ramirez,] T, et al. (2005. Thebactericidaleffect
of silvernanoparticles. Nanotechnologyl 6, 23462353

Bradford,A., Handy,R, Readman,], Watfield, A., & Uhling,M. (2009. Impactof SilverNanoparticlesContamination
on the GeneticDiversityof NaturalBacterialAssemblagem Estuarinesediments. Environ Sci Technol, 45304536

Hannah,l. A. (2010. MScDissertation Investigationof the impact of AgNPson waste water treatment bacterial
communities Heriot-Watt University

Chao et al. 2011 Speciation Analysisof Silver Nanoparticlesand Silver lons in Antibacterial Products and
EnvironmentalWaters via Cloud Point ExtractionBased Separation dx.doi.org/10.1021/ac20108@& |Anal. Chem
XXXXXXXP00c000

3.Isolation of bacteria from the estuary

Heterotrophic bacteriafrom water and sedimentssampleswere isolatedin
Tryptoneagarmedia Thesespeciesplay a crucialrole in the nutrient cycling
of estuariesas they break down the organicmatter releasingnitrogenin a
form bioavailablefor plantsandother microorganisms

Pri(igpeagigpfnensis A.agilis

P.maritimus

Selectedisolates were identified
based on partial 16S rDNA
sequences BLASTN analysis
showed that following
genus/speciegpresentin the Firth
of Forth (%refersto the similarity
with species registered in the
genomedatabases)
Pseudoalteromonas aliena 99
97%, Pseudoalteromonasarctica
97-99%, Psychrobactemaritimus
99-97%, Arthrobacter agilis 98-
96% Cellulophagafucicola 98%
Arthrobacter psychrolactophilus
97% Streptomyces koyangensis
98%, Bacillusweihenstephanensis
98% Vibrio sp, Pseudomonas
fluorescens

Fig 6 Bacteriaisolated from sandysedimentsand water
samplesin the area of Seafield (Firth of Forth estuary,
Figll)

4 .Effects of AQNPs on bacterial growth

Fourspecieswere exposedto AgNPsand their growth monitored. Parctica
wasthe leastsusceptibleo AgNPsno effectsobservedat 5 mg L+, whereas
Arthrobacteragilis was the most sensitivespecies,showingno growth at
AgNPs< 2.5 mg L™,

[AgNPs]
10 magt!
1? CFY

Frg 8A agrlrs(left) and BWeihenstephanensis
(right) colony forming units (CFU) after exposurée

Fig 7 A grlrs growth |n Iow nutrrent media
to AgNPs.

expressechsmeanO.D.60mm( SD,).

et R

Fig. 10S.Koyangensisell culture. Negative
control , 0 mg-t AgNPs (left) and 5nilgt
AgNPgright). At 5mgd-* growth was

affected. Bacteria formed clumps and
remained in this life form until the end of the
experiment, 46h of duration.

Conclusion

V Toxicityeffectsof AgNPsre speciesspecific
V Bacterialgrowth wasinhibited, however,the viability of cellswas
not completelysuppressedt the AgNPsoncentrationdested

Fig 9 S koyangensigirowth expressedin termsin
biomass/dryweight,( SD.) n=9. Theanalysisof the
variance (ANOVA) showed that there were
statistically significantly differences between
growth at 5 mglt and2.5 mgL*. (P=0.016, =0.05).

5.Futurework

Study of A g N Pamt®acterial mechanisms
Within bioassaysind advancednicroscopytechnigues

Study of the impact of AgNPs on the bacterial ecosystem

function _ _ | |
- A seriesof microcosmsawill be establishedwith sedimentscollectedfrom

different sections of the Firth of Forth estuary (See fig 11.) The
characteristicof the sedimentsvary dependingon the site (table 1) thus

the speciediversityandtheir responsao AgNPsnaydiffer.
- BOD(BiologicalOxygenDemand) and NH,* oxidation rate will be the first

parametersto be monrtored

------------

Table 1. Physicochemical properties
analysed
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Fig 11 Frrth of Forth estuary Thered

circles represent the sites where
samplingsurveystook place
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& Very variable dependingon the rain
andrunoff water.




